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SPECIFICATION 
GAS SEPARATOR FOR FUEL CELLS 

5 Technical Field 

The present invention relates to a gas separator for fuel cells as well 
as to fuel cells using such gas separators and a method of manufacturing the 
gas separator for fuel cells. More specifically the present invention pertains 
to a gas separator that is disposed between adjoining unit cells in a fuel cells 
10 stack including a plurality of unit cells laid one upon another, is combined 
with an adjoining member to define either a flow path of a gaseous fuel or a 
flow path of an oxidizing gas, and separates a flow of gaseous fuel from a flow 
of oxidizing gas. The present invention also pertains to fuel cells using such 
gas separators and a method of manufacturing the gas separator for fuel 

15 cells. 

Background Art 

The gas separator for fuel cells is one constituent of a fuel cells stack, 
in which a plurality of unit cells are laid one upon another, and has a 

20 sufficient gas impermeability to prevent a supply of gaseous fuel and a 
supply of oxidizing gas respective fed to adjoining unit cells from being mixed 
with each other. The gas separator for fuel cells is typically composed of a 
carbon material or a metal material. The metal material generally has 
excellent strength and actualizes thinner gas separators, compared with gas 

25 separators composed of the carbon material. The thickness reduction of the 



gas separators results in favorably reducing the size of the whole fuel cells 
stack. 

The gas separator for fuel cells generally has a preset rugged 
structure that combines with adjoining members in the fuel cells stack to 

5 define a flow path of a gaseous fuel and a flow path of an oxidizing gas. One 
proposed method manufactures a gas separator having such a rugged 
structure and being composed of a metal material by press molding a metal 
plate (for example, JAPANESE PATENT LAID-OPEN GAZETTE No. 
7-161365) . This method manufactures the gas separator for fuel cells by the 

10 simple press molding, thus simplifying and shortening the manufacturing 
process, enhancing the productivity, and preventing an increase in 
manufacturing cost. 

When a thin metal plate is press molded to a gas separator having 
preset rugged shapes on both faces thereof, the action of pressing the metal 

15 plate causes distortion of the resulting gas separator. In an assembly of fuel 
cells obtained by laying required members one upon another, the distorted 
gas separators may result in varying plane pressure at respective contacts of 
the gas separators with adjoining members. The distortion of the distorted 
gas separators incorporated in the fuel cells gives the areas having the lower 

20 plane pressure at the contact of the gas separator with an adjoining member. 
In such areas, the contact faces of the gas separator with an adjoining 
member substantially decrease to lower the electrical conductivity and 
increase the internal resistance in the activated fuel cells. Namely this 
damages the performances of the fuel cells. The areas of the low plane 

25 pressure also have lowered thermal conductivity, which causes a variation in 
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internal temperature of the fuel cells and further deteriorates the 
performances of the fuel cells. In the assembly of fuel cells including the 
distorted gas separators, the sufficient gas sealing property may not be 
ensured in the circumferential areas of the gas separators. 
5 The object of the present invention is thus to solve the above 

problems and to prevent distortion from occurring in a gas separator for fuel 
cells, in fuel cells using such gas separators, and in a method of 
manufacturing the gas separator for fuel cells. 

10 Disclosure of the Invention 

At least part of the above and the other related objects is attained by 
a first gas separator for fuel cells, which are constructed as a laminate of 
plural members including an electrolyte layer and electrode layers. The gas 
separator is included in the fuel cells as one of the plural members and has 

15 predetermined rugged shapes that are formed in both faces to define a flow 
path of a fluid passing through inside the fuel cells. Two thin plates with 
the predetermined rugged shapes formed in respective one faces thereof are 
bonded to each other across the respective other faces thereof to form this 
first gas separator. The gas separator includes a member that is located in 

20 a space defined by the predetermined rugged shapes between the two thin 
plates to be in contact with the two thin plates. 

The first gas separator of the present invention is obtained by 
bonding two thin plates having predetermined rugged shapes to each other. 
The two thin plates mutually compensate for the potential distortions 

25 occurring due to formation of the rugged shapes, thus reducing the distortion 



of the resulting gas separator. Compared with the prior art arrangement of 
forming the rugged shapes on both faces of one plate, the arrangement of 
joining the two thin plates together to separately form the rugged shapes on 
the respective faces of the resulting gas separator has a large degree of 

5 freedom in design of the rugged shapes on the surface of the gas separator. 
Compared with the prior art arrangement, the arrangement of the present 
invention also reduces the total thickness of the gas separator. In the prior 
art arrangement, one plate having a sufficient thickness is required to form 
the rugged shapes on both faces of the resulting separator. Such a thick 

10 plate is not required for the gas separator of the present invention. Using 
the gas separators having little distortion enables the substantially uniform 
plane pressure to be applied in each unit cell included in the assembly of fuel 
cells. This arrangement effectively prevents the internal resistance from 
increasing due to the partial decrease in plane pressure and ensures the 

15 sufficient performances of the fuel cells. The presence of the member in the 
space defined by the two thin plates in such a manner as to be in contact 
with the two thin plates enhances the strength of the gas separator and 
advantageously reduces the required thickness of the resulting gas separator. 
The properties of the member give a variety of characteristics to the 

20 resulting gas separator. 

In the first gas separator of the present invention, the member may 
mainly be composed of an electrically conductive material. This 
arrangement enhances the total electrical conductivity of the gas separator 
and thereby improves the performances of the fuel cells using such gas 

25 separators. 
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In the first gas separator of the present invention, alternatively the 
member may mainly be composed of a thermally conductive material. This 
arrangement enhances the total thermal conductivity of the gas separator. 
The enhanced thermal conductivity allows the internal temperature to 
5 quickly rise at the start of the assembly of fuel cells including such 
separators, so as to shorten the stand-by time of the fuel cells. The 
enhanced thermal conductivity also improves the cooling efficiency of cooling 
water circulating inside the fuel cells, thus keeping the internal temperature 
of the fuel cells at a substantially constant level. 
10 In the first gas separator for fuel cells according to the present 

invention, each of the thin plates may be a metal thin plate. This 
arrangement more significantly exerts the effect of reducing the potential 
distortion of the resulting gas separator. The metal material has greater 
strength than other materials like carbon material and thus advantageously 
15 reduces the thickness of the resulting gas separator. The metal material is 
significantly distorted in the process of press molding. Application of the 
arrangement of the first gas separator for fuel cells in the present invention 
to the metal thin plates especially ensures the large effect of preventing the 
potential distortion. 

20 The thin plates may mainly be composed of either stainless steel or 

aluminum. 

In the gas separator for fuel cells of the present invention, the fluid 
passing through the flow path defined by the predetermined rugged shapes 
in the fuel cells is selected among a hydrogen-containing gaseous fuel, an 
25 oxygen-containing oxidizing gas, and a cooling fluid for cooling down the 
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inside of the fuel cells. 

The present invention is also directed to a first fuel cells stack that 
receives supplies of a hydrogen-containing gaseous fuel and an 
oxygen-containing oxidizing gas and generates an electromotive force 

5 through electrochemical reactions. The fuel cells stack includes gas 
separators for fuel cells in accordance with any one of claims 1 through 6. 

The first fuel cells stack of the present invention includes the gas 
separators having little distortion. This arrangement causes a 
substantially uniform plane pressure to be applied in each unit cell of the 

10 fuel cells stack, so as to effectively prevent the internal resistance from 
increasing due to the partial decrease in plane pressure and ensure the 
sufficient performances of the fuel cells. 

The present invention is further directed to a first method of 
manufacturing a gas separator for fuel cells, wherein the fuel cells are 

15 constructed as a laminate of plural members including an electrolyte layer 
and electrode layers, and the gas separator is included in the fuel cells as one 
of the plural members and has predetermined rugged shapes that are formed 
in both faces to define a flow path of a fluid passing through inside the fuel 
cells. The first method includes the steps of: (a) providing two thin plates 

20 that have the predetermined rugged shapes formed in respective one faces 
thereof; and (b) bonding the two thin plates to each other across the 
respective other faces thereof to form the gas separator. The step (b) 
includes the step of: (b-l) locating a predetermined member in a space 
defined by the predetermined rugged shapes between the two thin plates to 

25 be in contact with the two thin plates in the course of bonding the two thin 
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plates to each other. 

The first method of the present invention gives the gas separator 
obtained by bonding two thin plates having predetermined rugged shapes to 
each other. The two thin plates mutually compensate for the potential 

5 distortions occurring due to formation of the rugged shapes, thus reducing 
the distortion of the resulting gas separator. Compared with the prior art 
arrangement of forming the rugged shapes on both faces of one plate, the 
arrangement of joining the two thin plates together to separately form the 
rugged shapes on the respective faces of the resulting gas separator has a 

10 large degree of freedom in design of the rugged shapes on the surface of the 
gas separator. Compared with the prior art arrangement, the arrangement 
of the present invention also reduces the total thickness of the gas separator. 
In the prior art arrangement, one plate having a sufficient thickness is 
required to form the rugged shapes on both faces of the resulting separator. 

15 Such a thick plate is not required for the gas separator manufactured by the 
method of the present invention. Locating the predetermined member in 
the space defined by the two thin plates in such a manner as to be in contact 
with the two thin plates gives the gas separator having the enhanced 
strength and the less thickness. The properties of the predetermined 

20 member give a variety of characteristics to the resulting gas separator. 

In the first method of the present invention, the predetermined 
member located between the two thin plates in the step (b-l) may be an 
electrically conductive material. This arrangement enhances the total 
electrical conductivity of the resulting gas separator. 

25 In the first method of the present invention, the predetermined 
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member located between the two thin plates in the step (b-l) may be a 
thermally conductive material. This arrangement enhances the total 
thermal conductivity of the resulting gas separator. 

The present invention is also directed to a second method of 

5 manufacturing a gas separator for fuel cells, wherein the fuel cells are 
constructed as a laminate of plural members including an electrolyte layer 
and electrode layers, and the gas separator is included in the fuel cells as one 
of the plural members and has predetermined rugged shapes that are formed 
in both faces to define a flow path of a fluid passing through inside the fuel 

10 ceUs. The second method includes the steps of- (a) providing two thin 
plates; (b) laying the two thin plates one upon the other via a material that 
forms a predetermined member and is interposed between the two thin 
plates; and (c) press molding the two thin plates laid one upon the other in 
the step (b), so as to form the predetermined rugged shapes in surfaces of the 

15 two thin plates simultaneously with bonding the two thin plates to each 
other. The step (c) includes the step of: (c-l) forming the predetermined 
member in a space defined by the predetermined rugged shapes between the 
two thin plates to be in contact with the two thin plates. 

The second method of the present invention press molds the two thin 

20 plates to form the predetermined rugged shapes in the respective surfaces of 
the two thin plates, simultaneously with bonding the two thin plates to each 
other. The two thin plates mutually compensate for the potential 
distortions occurring due to formation of the rugged shapes, thus reducing 
the distortion of the resulting gas separator. Like the first method of the 

25 present invention, this arrangement ensures a large degree of freedom in 



8 



design of the rugged shapes on the surface of the gas separator and reduces 
the required thickness of the resulting gas separator. Forming the 
predetermined member in the space defined by the two thin plates in such a 
manner as to be in contact with the two thin plates gives the gas separator 
5 having the enhanced strength and the less thickness. The properties of the 
predetermined member give a variety of characteristics to the resulting gas 
separator. 

In the second method of the present invention, the material that 
forms the predetermined member may be an electrically conductive material. 
10 This arrangement enhances the total electrical conductivity of the resulting 
gas separator. 

In the second method of the present invention, the material that 
forms the predetermined member may alternatively be a thermally 
conductive material. This arrangement enhances the total thermal 
15 conductivity of the resulting gas separator. 

In either of the first method or the second method of the present 
invention, each of the thin plates may be a metal thin plate. This 
arrangement further enhances the effect of preventing the distortion of the 
gas separator. Press molding the metal plate often causes a significant 
20 distortion. Application of the method of the present invention for the metal 
plate attains the remarkable effect of reducing the potential distortion. 

The thin plates may mainly be composed of either stainless steel or 
aluminum. 

The present invention is further directed to a second gas separator 
25 for fuel cells, which are constructed as a laminate of plural members 
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including an electrolyte layer and electrode layers. The gas separator is 
included in the fuel cells as one of the plural members and has a 
predetermined rugged shape that is formed in surface thereof to define a 
flow path of a fluid passing through inside the fuel cells. The second gas 
separator includes: a separator base plate unit that is composed of a thin 
plate and has a plurality of apertures passing through a thickness of the 
separator base plate unit; insert members that are mainly composed of an 
electrically conductive material and are respectively inserted into the 
plurality of apertures to form a convex structure on at least one face of the 
separator base plate unit; and a coat layer that is mainly composed of an 
electrically conductive material and covers over at least surface of the 
separator base plate unit and the insert members inserted into the separator 
base plate unit, which is in contact with an adjacent member adjoining to the 
gas separator in the fuel cells. 

In the second gas separator for fuel cells of the present invention, the 
predetermined rugged shape is formed on the surface of the gas separator by 
using the insert members, which are separate from the separator base plate 
unit. This arrangement effectively prevents the potential distortion of the 
gas separator due to formation of the rugged shape. Namely no bending or 
stretching force, which causes distortion, is applied to the separator base 
plate unit included in the gas separator. 

In the gas separator for fuel cells having the predetermined rugged 
shapes on both faces thereof, the insert members fitted in the respective 
apertures are protruded from both faces of the separator base plate unit to 
form the convex structure for defining the predetermined rugged shapes at 
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identical positions on both tlie faces o£ the gas separator. In the gas 
separator for fuel cells having one face with the predetermined rugged shape 
formed thereon and the other planar face, the insert members fitted in the 
respective apertures are protruded from only one face but not from the other 
face. The insert members are composed of the electrically conductive 
material. In the case where the insert members ensure the sufficient 
electrical conductivity required for the gas separator, the separator base 
plate unit is not required to have electrical conductivity. This extends the 
range of selection of the material applicable for the separator base plate unit. 

The second gas separator further has the coat layer that is mainly 
composed of an electrically conductive material and covers over at least 
surface of the separator base plate unit and the insert members inserted into 
the separator base plate unit, which is in contact with an adjacent member 
adjoining to the gas separator in the fuel cells. This arrangement attains 
the sufficient corrosion resistance at least on the surface that is in contact 
with the adjacent member, and ensures the sufficient electrical conductivity 
between the gas separator and the adjacent member in the fuel cells. 

The present invention is also directed to a second fuel cells stack that 
receives supplies of a hydrogen-containing gaseous fuel and an 
oxygen- containing oxidizing gas and generates an electromotive force 
through electrochemical reactions. The fuel cells stack includes gas 
separators for fuel cells in accordance with claim 12. 

The second fuel cells stack of the present invention includes the gas 
separators having little distortion. This arrangement causes a 
substantially uniform plane pressure to be applied in each unit cell of the 



11 



fuel cells stack, so as to effectively prevent the internal resistance from 
increasing due to the partial decrease in plane pressure and ensure the 
sufficient performances of the fuel cells. This arrangement also prevents 
the deterioration of the performances of the fuel cells due to corrosion of the 
5 gas separators. 

The present invention is further directed to a third method of 
manufacturing a gas separator for fuel cells, wherein the fuel cells are 
constructed as a laminate of plural members including an electrolyte layer 
and electrode layers, and the gas separator is included in the fuel cells as one 

10 of the plural members and has a predetermined rugged shape that is formed 
in surface thereof to define a flow path of a fluid passing through inside the 
fuel cells. The third method includes the steps of: (a) providing a separator 
base plate unit composed of a thin plate; (b) perforating the separator base 
plate unit at predetermined positions to form a plurality of apertures passing 

15 through a thickness of the separator base plate unit; (c) inserting insert 
members, which are mainly composed of an electrically conductive material, 
respectively into the plurality of apertures, so as to form the predetermined 
rugged shape in surface of the separator base plate unit; and (d) forming a 
coat layer that is mainly composed of an electrically conductive material and 

20 covers over at least surface of the separator base plate unit and the insert 
members inserted into the separator base plate unit, which is in contact with 
an adjacent member adjoining to the gas separator in the fuel cells. 

The third method of the present invention uses the insert members 
that are separate from the separator base plate unit, so as to form the 

25 predetermined rugged shape on the surface of the gas separator for fuel cells. 
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This arrangement effectively prevents the potential distortion of the 
resulting gas separator due to formation of the rugged shape. Namely no 
bending or stretching force, which causes distortion, is applied to the 
separator base plate unit included in the gas separator. 

In the third method of the present invention, for example, the 
separator base plate unit is perforated in the step (b), and the insert 
members are press fitted in the plurality of apertures and cut at a preset 
position to form the predetermined rugged shape in the step (c). This 
method manufactures the gas separator for fuel cells by the simple processes 
like perforation, press-fitting, and cutting. Compared with the prior art 
method that press molds a metal plate or carbon material to a gas separator, 
this arrangement simplifies and shortens the manufacturing process. 
Compared with the conventional manufacturing method that bends and 
stretches the plate member, this arrangement utilizing the processes like 
perforation, press-fitting, and cutting ensures the enhanced accuracy in 
formation of the rugged shape. 

The third method forms the coat layer that is mainly composed of an 
electrically conductive material and covers over at least surface of the 
separator base plate unit and the insert members inserted into the separator 
base plate unit, which is in contact with an adjacent member adjoining to the 
gas separator in the fuel cells. This arrangement gives the gas separator 
that attains the sufficient corrosion resistance at least on the surface that is 
in contact with the adjacent member, and ensures the sufficient electrical 
conductivity between the gas separator and the adjacent member in the fuel 
cells. 
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In accordance with one preferable application of the third method of 
the present invention, each of the plurality of apertures and the insert 
members inserted therein have substantially circular cross sections. 

This arrangement facilitates positioning of the insert members 
5 respectively inserted into the plurality of apertures. It is easy to prepare 
bar members having the substantially circular cross section. This extends 
the range of selection with regard to the size of the bar members used as the 
insert members (that is, the diameter of the bar members), thus enabling the 
fineness of the rugged shape to be adjusted arbitrarily. The members of the 
10 smaller diameter result in formation of the finer rugged shape. The third 
method of this application thus enables the finer rugged shape to be readily 
formed on the surface of the gas separator with a high accuracy. 

The present invention is further directed to a third gas separator for 
fuel cells, which are constructed as a laminate of plural members including 
15 an electrolyte layer and electrode layers. The gas separator is included in 
the fuel cells as one of the plural members and has a predetermined rugged 
shape that is formed in surface thereof to define a flow path of a fluid passing 
through inside the fuel cells. The third gas separator includes^ a separator 
base plate unit that is composed of a thin plate and has a plurality of 
20 apertures passing through a thickness of the separator base plate unit; 
insert members that are mainly composed of an electrically conductive 
material and are respectively inserted into the plurality of apertures to form 
a convex structure on at least one face of the separator base plate unit; and a 
coat layer that covers over at least surface of the separator base plate unit 
25 and the insert members inserted into the separator base plate unit, which 



14 



forms the flow path of the fluid in the fuel cells. 

Like the second gas separator discussed above, the arrangement of 
the third gas separator of the present invention effectively prevents the 
potential distortion of the gas separator due to formation of the rugged 
shape. 

The third gas separator further has the coat layer that covers over at 
least surface of the separator base plate unit and the insert members 
inserted into the separator base plate unit, which forms the flow path of the 
fluid in the fuel cells. This arrangement ensures the sufficient sealing 
property of the fluid in the flow path as well as the sufficient corrosion 
resistance on the surface that forms the flow path. The properties of the 
material applied to form the coat layer give a variety of characteristics to the 
flow path. For example, application of a hydrophilic material or a 
hydrophobic material for the coat layer enhances the water drainage from 
the gas flow path in the fuel cells. 

The present invention is also directed to a third fuel cells stack that 
receives supplies of a hydrogen-containing gaseous fuel and an 
oxygen-containing oxidizing gas and generates an electromotive force 
through electrochemical reactions. The fuel cells stack includes gas 
separators for fuel cells in accordance with claim 22. 

The third fuel ceUs stack of the present invention includes the gas 
separators having little distortion. This arrangement causes a 
substantially uniform plane pressure to be applied in each unit cell of the 
fuel cells stack, so as to effectively prevent the internal resistance from 
increasing due to the partial decrease in plane pressure and ensure the 
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sufficient performances of the fuel cells. This arrangement also improves 
the sealing property of the fluid in the fuel cells. 

The present invention is further directed to a fourth method of 
manufacturing a gas separator for fuel cells, wherein the fuel cells are 
constructed as a laminate of plural members including an electrolyte layer 
and electrode layers, and the gas separator is included in the fuel cells as one 
of the plural members and has a predetermined rugged shape that is formed 
in surface thereof to define a flow path of a fluid passing through inside the 
fuel cells. The fourth method includes the steps of: (a) providing a separator 
base plate unit composed of a thin plate," (b) perforating the separator base 
plate unit at predetermined positions to form a plurality of apertures passing 
through a thickness of the separator base plate unit; (c) inserting insert 
members, which are mainly composed of an electrically conductive material, 
respectively into the plurality of apertures, so as to form the predetermined 
rugged shape in surface of the separator base plate unit,' and (d) forming a 
coat layer that covers over at least surface of the separator base plate unit 
and the insert members inserted into the separator base plate unit, which 
forms the flow path of the fluid in the fuel cells. 

Like the third method discussed above, the fourth method of the 
present invention gives the gas separator with Httle distortion due to 
formation of the rugged shape. Compared with the prior art method that 
press molds a metal plate or carbon material to a gas separator, this 
arrangement simplifies and shortens the manufacturing process. 
Compared with the conventional manufacturing method that bends and 
stretches the plate member, this arrangement ensures the enhanced 
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accuracy in formation of the rugged shape. 

The fourth method forms the coat layer that covers over at least 
surface of the separator base plate unit and the insert members inserted into 
the separator base plate unit, which forms the flow path of the fluid in the 
fuel cells. This arrangement ensures the sufficient sealing property of the 
fluid in the flow path and gives the gas separator having the sufficient 
corrosion resistance on the surface that forms the flow path of the fluid. 

Brief Description of the Drawings 

Fig. 1 schematically illustrates the cross section of a separator 30; 

Fig. 2 is a sectional view schematically illustrating the structure of a 
unit cell 28 as a unit constituent of a fuel cells stack; 

Fig. 3 is a decomposed perspective view illustrating the structure of 
the unit cell 28; 

Fig. 4 is a perspective view showing the appearance of a stack 
structure 14 obtained by laying a plurality of the unit cells 28 one upon 
another; 

Fig. 5 shows a manufacturing process of the separator 30; 

Fig. 6 shows the comparison of the performances between an 
assembly of fuel cells using the separators 30 and another assembly of fuel 
cells using separators without any filler units; 

Fig. 7 is a sectional view schematically illustrating a separator 130 in 
a second embodiment; 

Fig. 8 is a plan view illustrating the surface of the separator 130; 

Fig. 9 shows a manufacturing process of the separator 130; 
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produced by reforming a hydrocarbon like methanol, as the gaseous fuel. 

Gaseous hydrogen having a high purity may be used for the gaseous fuel. 

The oxidizing gas supply unit feeds a gas containing a sufficient 

concentration of oxygen, for example, the air. 

The end plate 41 has two apertures at specific positions different 

from the apertures of the end plate 40. The insulator plate 39 and the 

collector plate 37 also have two apertures at the positions corresponding to 

the two apertures of the end plate 41. One aperture formed in the end plate 
41 is a gaseous fuel aperture that is open at the position corresponding to the 
center of the gaseous fuel slot apertures 51 of the separators 30. The other 
apertures formed in the end plate 41 is an oxidizing gas aperture that is open 
at the position corresponding to the center of the oxidizing gas slot apertures 
53 of the separators 30. When the fuel cells stack is activated, the gaseous 
fuel aperture formed in the end plate 41 is connected with a non-illustrated 
gaseous fuel exhaust unit whereas the oxidizing gas aperture formed in the 
end plate 41 is connected with a non-illustrated oxidizing gas exhaust unit. 

The stack structure 14 including the respective constituents 
discussed above is held under a predetermined pressing force in its 
laminating direction. This completes the stack of fuel cells. The 
configuration of pressing the stack structure 14 is omitted from the 
illustration. 

The following describes the flow of the gaseous fuel and the flow of 
the oxidizing gas in the fuel cells stack constructed as above. The supply of 
the gaseous fuel is introduced from the gaseous fuel supply unit discussed 
above into the fuel cells via the gaseous fuel aperture 42 formed in the end 
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plate 40. In the fuel cells, the flow of the gaseous fuel is led into the gaseous 
fuel flow conduits 24P of the respective unit cells 28 via the gaseous fuel 
supply manifold and subjected to the electrochemical reaction proceeding at 
the anodes of the respective unit cells 28. The flow of the gaseous fuel out of 
the gaseous fuel flow conduits 24P is collected in the gaseous fuel exhaust 
manifold, reaches the gaseous fuel aperture formed in the end plate 41, and 
is discharged from this gaseous fuel aperture to the outside of the fuel cells to 
be led into the gaseous fuel exhaust unit discussed above. 

In a similar manner, the supply of the oxidizing gas is introduced 
from the oxidizing gas supply unit discussed above into the fuel cells via the 
oxidizing gas aperture 44 formed in the end plate 40. In the fuel cells, the 
flow of the oxidizing gas is led into the oxidizing gas flow conduits 25P of the 
respective unit cells 28 via the oxidizing gas supply manifold and subjected 
to the electrochemical reaction proceeding at the cathodes of the respective 
unit cells 28. The flow of the oxidizing gas out of the oxidizing gas flow 
conduits 25P is collected in the oxidizing gas exhaust manifold, reaches the 
oxidizing gas aperture formed in the end plate 41, and is discharged from 
this oxidizing gas aperture to the oxidizing gas exhaust unit discussed above. 

The above description regards only the flow paths and the flows of 
the gaseous fuel and the oxidizing gas fed into the fuel cells. The actual fuel 
cells further include a cooling water flow path, through which cooling water 
flows. As described previously, the chemical energy of the fuel fed into the 
fuel cells is converted into electrical energy through the electrochemical 
reactions proceeding in the fuel cells. The conversion of the chemical 
energy into the electrical energy is not completely shifted, but the residual 
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energy that is not converted into the electrical energy is released as heat. 
The fuel cells accordingly continue the heat generation together with the 
power generation. In order to keep the driving temperature of the fuel cells 
in a favorable temperature range, a cooling water flow path is generally 
5 formed in the fuel cells to allow the flow of cooling water in the fuel cells and 
remove the excess heat. 

The separator 30 of the embodiment has two apertures (not shown) 
for defining the cooling water flow path, in addition to the gaseous fuel slot 
apertures 50 and 51 and the oxidizing gas slot apertxires 52 and 53 shown in 

10 Fig. 3. The two apertures of the respective separators 30, which are laid 
one upon another to construct the stack structure 14, form a cooling water 
flow path that passes through the stack structure 14 to feed and discharge 
cooling water into and from intra-stack cooling water flow conduits. The 
fuel cells of the stack structure 14 also include cooling water flow conduit 

15 separators (not shown), each of which is arranged at every preset number of 
unit cells laid one upon another instead of the standard separator 30 and has 
a rugged structure on its surface to define cooling water flow conduits. The 
rugged structure formed on the surface of the cooling water flow conduit 
separator is combined with an adjoining member to define the intra-stack 

20 cooling water flow conduits. The intra-stack gas flow conduits arranged at 
every preset number of unit cells receives a supply of cooling water and 
discharges an exhaust of cooling water from and to the cooling water flow 
path consisting of the apertures as discussed above. The flow of cooling 
water functions to remove the excess heat produced in the course of power 

25 generation from the fuel cells. 
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The following describes the structure of the separator 30, which 
characterizes the essential part of the present invention. The separator 30 
has the base plate unit 60 including the two base plates 62 and 64, the filler 
units 66, and the coat layer 68 as mentioned previously. Fig. 5 shows a 
5 manufacturing process of the separator 30. Fig. 5 includes a flowchart 
showing the manufacturing process of the separator 30 and schematic views 
representing the respective steps of the flowchart. The following describes 
the manufacturing process of the separator 30 in detail with the drawing of 
Fig. 5. 

10 The process first prepares the base plates 62 and 64 by press molding 

two metal plates (step SlOO). In this embodiment, stainless steel plates 
having a thickness of 0.3 mm are press molded under a plane pressure of 1 
ton/cm^. This forms convexes corresponding to the ribs 54 and 55 on the 
respective one faces of the base plates 62 and 64. The process subsequently 

15 interposes a filler between the pair of base plates 62 and 64, and presses the 
base plates 62 and 64 to make the base plates 62 and 64 adhere to each other 
(step SllO). Namely the base plates 62 and 64 are joined with each other 
via the filler (in this embodiment, thermally expanding graphite) interposed 
between the base plates 62 and 64. This gives the base plate unit 60 

20 including the filler units 66 formed in the spaces, which are defined by the 
convexes and located on the respective joining face sides of the base plates 62 
and 64 (that is, the inner facing sides of the convexes corresponding to the 
ribs 54 and 55). Step SllO uses the thermally expanding graphite for the 
filler and presses the base plates 62 and 64 to make the base plates 62 and 

25 64 joined with each other. A concrete procedure places a predetermined 
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quantity of the thermally expanding graphite on the joining face sides of the 
base plates 62 and 64 and presses the pair of base plates 62 and 64 with the 
thermally expanding graphite interposed therebetween under a plane 
pressure of 2 ton/cm^ in a mold having a shape corresponding to the convex 
5 structure. This joins the pair of base plates 62 and 64 with each other and 
completes the base plate unit 60, which includes the filler units 66 that are 
formed in the inner spaces corresponding to the convexes and are filled with 
the thermally expanding graphite. 

The thermally expanding graphite is one of known carbon materials 
10 and obtained by heating an acid-treated carbon material, such as natural 
graphite or carbon black, to expand the volume. Thermal expansion causes 
the thermally expanding graphite to have a layered structure, and 
application of a compressive force enables the respective layers of the layered 
structure to be tightly bound to one another. Any binder is accordingly not 
15 required in the molding process. The procedure of locating the thermally 
expanding graphite between the pair of base plates 62 and 64 and pressing 
the base plates 62 and 64 in the mold completes the action of filling the 
spaces formed inside the base plate unit 60 with the thermally expanding 
graphite simultaneously with the action of joining the base plates 62 and 64 
20 with each other. The thermally expanding graphite located between the 
pair of base plates 62 and 64 and subjected to the pressing process at step 
SllO may be in a powdery form or alternatively in a sheet form. 

The process then carries out surface treatment for the base plate unit 
60 having the inner spaces filled with the thermally expanding graphite 
25 (step S120), so as to complete the separator 30. The surface treatment 
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carried out in this embodiment coats the surface of the base plate unit 60 
with a carbon layer to form the coat layer 68. The coat layer 68 is formed by 
contact bonding a carbon sheet composed of the thermally expanding 
graphite to the face of the base plate unit 60 in a mold having a shape 
corresponding to configuration of the base plate unit 60. Alternatively 
powder of the thermally expanding graphite may be contact bonded directly 
to the face of the base plate unit 60 in a mold of a predetermined shape. In 
the process of contact bonding the thermally expanding graphite layer to the 
base plate unit 60, it is desirable to evacuate the inside of the mold used for 
contact bonding, in order to ensure the sufficient bonding strength. The 
contact bonding in the mold may be attained by mechanically pressing or by 
utilizing a hydrostatic pressure. 

In the course of manufacturing the separator 30, the slot apertures 
are punched in the metal plate before or after the press molding at step SlOO, 
although not specifically mentioned in the above description. The gaseous 
fuel slot apertures 50 and 51 and the oxidizing gas slot apertures 52 and 53 
are formed in the metal plate by punching. 

The method of manufacturing the separator 30 having the above 
configuration in this embodiment 30 has the effect of giving a separator with 
little distortion. The base plates 62 and 64 manufactured by press molding 
have certain distortions according to their rugged shapes. Bonding the two 
base plates 62 and 64 to each other mutually corrects the distortions of the 
respective base plates 62 and 64, thus resulting in the base plate unit 60 
with little distortion. When the separators with little distortion are used for 
the assembly of fuel cells, the plane pressure occurring in the respective unit 
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cells of the fuel cells stack is made substantially constant. This 
arrangement effectively prevents the internal resistance from increasing due 
to the partial decrease in plane pressure, and thereby ensures the sufficient 
performances of the fuel cells stack. 
5 The method of manufacturing the separator 30 in this embodiment 

has the additional effects common in the methods of manufacturing a metal 
separator by press molding, other than the effect of preventing distortion of 
the separator as discussed above. The method of press molding a metal 
plate is a convenient method that shortens the process of manufacturing the 

10 separator. Namely the method of this embodiment enables the separators 
30 to be manufactured inexpensively by the simplified process. The metal 
material has excellent strength and thus gives the separators of the reduced 
thickness, compared with the separators of the carbon material. This 
desirably reduces the size of the whole fuel cells stack. 

15 The technique of this embodiment manufactures the separator 30 by 

joining the two base plates 62 and 64 with each other. This arrangement 
significantly enhances the degree of fi-eedom in the separator having the 
rugged surfaces. In the case where one metal plate is press molded to the 
separator, it is difficult to form the convexes in the same areas on both the 

20 faces of the separator. There is accordingly some restrictions in designing 
the rugged shapes formed on both the faces of the separator. Using the 
thick metal plate may ensure the sufficient degree of freedom in forming the 
convexes on each face of the separator. The thick separators, however, 
make the whole fuel cells stack undesirably bulky and are thus not practical. 

25 The method of this embodiment manufactures the separator 30 by bonding 



24 



the two base plates 62 and 64 to each other, thus enabhng the rugged shapes 
on both the faces of the separator 30 to be freely designed without any 
restrictions and without any increase in thickness of the separator 30. 

In the structure of the embodiment, the spaces defined by the two 
5 base plates 62 and 64 are filled with the fiUer. This arrangement enhances 
the buckling strength in the areas forming the ribs 54 and 55 and reduces 
the potential creeps arising in the stack structure 14. Since the filler 
enhances the buckling strength in the areas forming the ribs 54 and 55, 
there is no necessity of increasing the thickness of the separator to ensure 

10 the sufficient strength. The arrangement of filling the spaces defined by the 
two base plates 62 and 64 with the filler enhances the electrical conductivity 
and the thermal conductivity of the separator 30, thus improving the 
performance of the fuel cells including the separators 30. Using the 
thermally expanding graphite having the excellent electrical conductivity for 

15 the filler heightens the electrical conductivity of the whole separator and 
thereby reduces the internal resistance in the fuel cells using such 
separators. Compared with the structure of not filling the spaces, the 
structure of filling the spaces with the filler gives the separator having the 
better thermal conductivity. The fuel cells including such separators have 

20 the enhanced cooling efficiency by the flow of cooling water that runs 
through the inside of the fuel cells. The enhanced cooling efficiency enables 
the internal temperature of the fuel cells to be kept substantially constant in 
a desired temperature range. The improved thermal conductivity of the 
separator enables the internal temperature of the whole fuel cells stack to be 

25 raised quickly at the time of starting the fuel cells, thus shortening the 
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stand-by time of the fuel cells. 

Fig. 6 shows the comparison of the performances between an 
assembly of fuel cells using the separators 30 of the embodiment and another 
assembly of fuel cells using separators that are similar to the separators 30 
without any filler in the inner spaces. Each assembly of fuel cells is a 
laminate of 100 unit cells. As shown in the graph of Fig. 6, the assembly of 
fuel cells using the separators 30 keeps the sufficient level of output voltage 
with an increase in output electric current density, that is, with an increase 
in magnitude of the connecting load. The assembly of fuel cells using the 
separators without any filler in the inner spaces, on the other hand, has the 
reduced output voltage with the increase in magnitude of the connecting load. 
The separator 30 including the filler units 66 has the smaller internal 
resistance, so as to reduce the resistance polarization and maintain the 
sufficient level of output voltage. 

In the embodiment discussed above, the filler units 66 filled with the 
filler are disposed between the two base plates 62 and 64 joined together to 
improve the electrical conductivity and the thermal conductivity of the 
separator 30. The spaces defined by the pair of base plates 62 and 64 may, 
however, be not filled with any filler as long as the resulting separator has 
the electrical conductivity and the thermal conductivity in respective 
allowable ranges. Even in this case, the arrangement of bonding the two 
base plates 62 and 64 to each other effectively prevents the resulting 
separator from being distorted. The absence of the filler units 66 desirably 
reduces the total weight of the separator. In the case where the filler units 
66 are omitted, the two base plates 62 and 64 may be bonded to each other. 
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for example, by spot welding or welding that utilizes vibrations or ultrasonic 
waves. 

In the separator 30 of the embodiment, two metal plates are press 
molded to the base plates 62 and 64, and the filler for forming the filler units 
5 66 is interposed between the pair of base plates 62 and 64 in the process of 
joining these base plates 62 and 64 with each other. One possible 
modification interposes the filler between two metal plates before the metal 
plates are press molded to the base plates. This modification is shown in 
Fig. 11 as a second manufacturing process of the separator 30. This 

10 modified process first provides two metal plates as in the case of the 
manufacturing process shown in Fig. 5 and interposes a filler (for example, 
thermally expanding graphite molded to a sheet in advance) between the two 
metal plates (step S300). The process subsequently press molds this 
sandwich structure, which includes the two metal plates disposed across the 

15 filler (step S310). This step causes predetermined rugged shapes to be 
formed in the two metal plates, and simultaneously bonds the two metal 
plates to each other across the filler. This gives the base plate unit 60 
having the same structure as that of the base plate unit 60 obtained at step 
SllO in the flowchart of Fig. 5. The surface of the base plate unit 60 is then 

20 subjected to the surface treatment (step S320) in the same manner as step 
S120 in Fig. 5. This completes the separator 30 having the same structure 
as that of the embodiment discussed above. In the separator 30 
manufactured by this modified procedure, the rugged shapes on both the 
faces of the separator are formed in the different metal plates. This 

25 arrangement thus effectively prevents the distortion of the separator as 
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discussed in the above embodiment. 

In the separator 30 of this embodiment, the filler units 66 are filled 
with the thermally expanding graphite. Any other filler having the 
sufficient electrical conductivity may alternatively be interposed between the 
5 two metal plates joined with each other, in order to improve the electrical 
conductivity and the thermal conductivity of the resulting gas separator. 
Other than the thermally expanding graphite used in the embodiment, one 
available example is a mixture of carbon powder, such as natural graphite or 
carbon black, with a binder (for example, a thermosetting resin). Available 

10 examples other than such carbon materials include electrically conductive 
pastes (adhesives containing carbon powder or metal powder), electrically 
conductive resins, and sponge-like foamed members composed of an 
electrically conductive material (for example, foamed nickel). In the case 
where the thermally expanding graphite used in the embodiment or any 

15 electrically conductive paste is used for the filler, the filler itself has integrity 
to allow the two metal plates to be readily bonded to each other by pressing. 
In the case of a carbon material other than the thermally expanding graphite, 
a binder is added to the carbon material to give the sufficient integrity to the 
resulting filler. In the case where the filler does not have sufficient integrity, 

20 for example, when foamed nickel is used for the filler, the metal plates are 
bonded to each other via an adhesive. When foamed nickel is used for the 
filler, the thermally expanding graphite may be used as an adhesive and 
disposed on a contact face of the metal plate with foamed nickel. Among 
these applications, the application of the thermally expanding graphite for 

25 the filler as discussed in the embodiment uses a single material for the filler 
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without any additional material having the poorer electrical conductivity, 
thus advantageously maintaining the favorable electrical conductivity of the 
whole separator. 

In the separator 30 of the embodiment, the surface of the base plate 
5 unit 60, which is obtained by bonding the two base plates 62 and 64 to each 
other, is covered with the coat layer 68 that is composed of the thermally 
expanding graphite, so as to have sufficient corrosion resistance. Any other 
material may be used to form the coat layer 68, as long as the material has 
sufficient electrical conductivity and gives sufficient corrosion resistance to 

10 the base plate unit 60. For example, as in the case of using the thermally 
expanding graphite, the arrangement of plating nickel as the coat layer 68 
attains the sufficient corrosion resistance without damaging the electrical 
conductivity on the contact face with each adjoining gas diffusion electrode in 
the fuel cells. An electrically conductive paste may also be used for coating. 

15 As long as the sufficient electrical conductivity is assured on the 

contact face of the separator 30 with each adjoining gas diffusion electrode in 
the fuel cells, it is not required to homogeneously cover the whole surface of 
the base plate unit 60 with the coat layer 68. One possible modification 
covers residual areas other than the contact face (for example, the faces 

20 forming the gaseous fuel flow conduits 24P and the oxidizing gas flow 
conduits 25P) with a material having less electrical conductivity but 
sufficient corrosion resistance. For example, one preferable arrangement 
coats the faces forming the gaseous fuel flow conduits 24P and the oxidizing 
gas flow conduits 25P with a hydrophilic material or a water repellent 

25 material. Silicon oxides and water- absorbing resins are examples of the 
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hydrophilic material. PolytetrafLuoroethylene is an example of the water 
repellent material. 

The following describes the effects of the arrangement that coats the 
faces forming the gaseous fuel flow conduits 24P and the oxidizing gas flow 
5 conduits 25P with a hydrophilic material or a water repellent material. The 
electrochemical reactions expressed by Equations (l) through (3) given above 
proceed in the fuel cells including the separators 30. With a progress of 
such electrochemical reactions, water is produced at the cathodes as shown 
by Equation (2). The water is vaporized into the oxidizing gas and released 

10 out of the fuel cells. In the local areas of the fuel cells where the 
temperature is lowered, however, the water may be condensed to prevent the 
smooth flow of the oxidizing gas in the oxidizing gas flow path. The 
electrochemical reaction proceeding at the anodes produces the proton as 
shown by Equation (l). The proton generally shifts in the solid electrolyte 

15 membrane in the hydrated state. In the course of driving the fuel cells, the 
supply of gaseous fuel fed to the fuel cells is generally moistened to supply 
the water content from the anodes to the solid electrolyte membrane. The 
flow of moistened gaseous fuel may cause condensate in the gaseous fuel flow 
path. The condensate may prevent the smooth flow of the gaseous fuel. 

20 Application of the hydrophilic material for the faces forming the gaseous fuel 
flow conduits 24P and the oxidizing gas flow condxiits 25P in the respective 
unit cells 28 of the fuel cells stack enables the condensate produced in these 
gas flow conduits to be led along the hydrophilic wall surface of the flow 
conduits, together with the gas flows, and be readily discharged from the 

25 unit cells 28. Application of the water repellent material for the faces 
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forming the gas flow conduits, on the other hand, causes the condensate to be 
repelled by the water repellent wall surface of the flow conduits and be 
readily discharged from the unit cells 28 by the gas flows. 

In the embodiment discussed above, the base plate unit 60 including 
the filler units 66 is subjected to the surface treatment to form the coat layer 
68 in the course of manufacturing the separator 30. The surface treatment 
may alternatively be carried out for the respective base plates 62 and 64 
before the base plates 62 and 64 are joined together to give the base plate 
unit 60. This alternative procedure press molds the metal plates to the base 
plates 62 and 64 (step SlOO in Fig. 5), then carries out the surface treatment 
for the respective base plates 62 and 64 to form the coat layer 68 in the same 
manner as step S120 in Fig. 5, and subsequently interposes the filler 
between the base plates 62 and 64 covered with the coat layer 68 to join the 
base plates 62 and 64 together as in the same manner as step SllO in Fig. 5. 

In the embodiment discussed above, the separator 30 has the coat 
layer 68 on its surface to attain the sufficient corrosion resistance. In the 
case where the material applied for the base plates 62 and 64 has sufficient 
corrosion resistance, the coat layer 68 may not be formed on the surface of 
the base plates 62 and 64. In this case, the arrangement of bonding the two 
base plates 62 and 64 to each other to form the base plate unit 60 also 
effectively reduces the potential distortion of the resulting separator. 

In the above embodiment, the base plates 62 and 64 are composed of 
stainless steel. Similar effects to those discussed in the embodiment are 
attained by the base plates 62 and 64 composed of another metal, such as 
aluminum. In the case where the surface of the separator is covered with 
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the coat layer 68 to give the corrosion resistance, the metal applied for the 
material of the base plates 62 and 64 is not required to have sufficient 
corrosion resistance. Appropriate material may be selected for the base 
plates 62 and 64 by taking into account the weight and the cost of the metal. 

The arrangement of joining the base plates 62 and 64 composed of a 
non-metal, electrically conductive material together to manufacture the 
separator also exerts the similar effects! that is, the resulting gas separator 
is thin and has less distortion. Examples of the non-metal, electrically 
conductive material include carbon powder mixed with a binder and 
thermally expanding graphite. In this case, the procedure press molds the 
thin plates composed of any of such carbon materials to two base plates 
having predetermined rugged shapes and joins the two base plates with each 
other to manufacture the separator. 

In the case where any of these carbon materials is press molded to 
integrally form the separator having predetermined rugged shapes on both 
faces thereof, the rugged shapes formed on both the faces cause a variation 
in wall thickness on the same face. The difference in wall thickness results 
in a variation in plane pressure applied on the same face in the course of 
press molding. In order to ensure the sufficient strength of the resulting 
separator, it is required to set the wall thickness of the resulting separator 
equal to or greater than a predetermined value and to add a sufficient 
quantity of the binder. An increase in quantity of the binder added, 
however, leads to a decrease in electrical conductivity. In the arrangement 
of bonding the two base plates, which are obtained by molding the carbon 
material, to each other and thereby manufacturing the separator having the 
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predetermined rugged shapes on both faces thereof, on the other hand, each 
base plate has the rugged shape only in a single face thereof that 
corresponds to one face of the separator. This arrangement ensures the 
uniform wall thickness of the whole base plate and enables the substantially 
constant plane pressure to be applied in the process of press molding the 
respective thin plates. This arrangement also reduces the quantity of the 
binder added and the wall thickness of the respective base plates composed 
of the carbon material. In the case where the two base plates, which are 
composed of an electrically conductive material other than metal, are bonded 
to each other, the filler having the electrical conductivity and being 
interposed between the two base plates enhances the electrical conductivity 
and the thermal conductivity and ensures the sufficient strength of the 
resulting separator as discussed previously in the embodiment. 

In the embodiment discussed above, the rugged shapes formed in 
both the faces of the separator 30 define the gaseous fuel flow conduits 24P 
and the oxidizing gas flow conduits 25P. The rugged shape may, however, 
define a flow path for a fluid other than the gaseous fuel and the oxidizing 
gas. For example, the rugged shape defines a flow path of the cooling water 
that runs through inside of the fuel cells to keep the internal temperature of 
the gaseous fuel within a desired temperature range as discussed previously. 
The cooling water flow conduit separator manufactured by the method 
similar to the manufacturing method of the separator 30 shown in the 
embodiment exerts the same effects as discussed in the embodiment. 

It is not required to form the flow path of the fluid in both faces of the 
separator manufactured in the above manner, but one face may be planar 
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without any rugged shape. In one exemplified structure of the fuel cells, the 
separator that is adjacent to the cooling water flow conduit separator has one 
planar face that is in contact with the cooling water flow conduit separator 
and the other face that has the rugged structure to define the gaseous fuel 
flow conduits 24P or the oxidizing gas flow conduits 25P. In this case, this 
separator may be manufactured by the method similar to the manufacturing 
method of the separator 30 of the embodiment. The arrangement of 
bonding the two base plates together effectively reduces the potential 
distortion of the resulting separator having this structure. The structure of 
filling the inner spaces with the electrically conductive filler attains the 
effects discussed above, that is, the enhanced electrical conductivity and 
thermal conductivity. 

In the first embodiment discussed above, the separator is 
manufactured by bonding the two base plates to each other, in order to 
reduce the potential distortion of the resulting separator. Another 
structure applicable to reduce the potential distortion of the resulting 
separator makes a planar base plate unit and a convex structure, which is 
formed on the base plate unit to define a gas flow path, as separate members. 
This structure is described below as a second embodiment. 

Fig. 7 is a sectional view schematically illustrating a separator 130 in 
the second embodiment. Fig. 8 is a plan view illustrating the surface of the 
separator 130. The separator 130 of the second embodiment includes a base 
plate unit 160 that is composed of stainless steel and has a plurality of 
apertures having circular cross sections and running through the thickness 
of the base plate unit 160, a plurality of insert members 170 that are inserted 
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into the respective apertures to be incorporated in the base plate unit 160, 
and a coat layer 168 that is composed of thermally expanding graphite and 
covers over the surface of the base plate unit 160 and the insert members 170. 
The separators 130 and other predetermined members are laid one upon 
another like the separators 30 of the first embodiment to construct the fuel 
cells similar to those of the first embodiment. In the description hereinafter, 
the constituents common to the first and the second embodiments are shown 
by the same numerals and are not specifically described here. 

Like the separator 30, the separator 130 has the gaseous fuel slot 
apertures 50 and 51 and the oxidizing gas slot apertures 52 and 53 on the 
circumference thereof. The separator 130 has a plurahty of ribs 155, which 
are arranged at identical positions in the respective faces and represent the 
convex structure formed on the base plate unit 160 by the plurality of insert 
members 170 arranged in a regular manner. The base plate unit 160 
includes a planar portion 182 that is an area with the ribs 155 formed 
therein and a sealing portion 180 that defines a circumferential area of the 
separator 130 (that is, the circumference outside the gaseous fuel slot 
apertures 50 and 51 and the oxidizing gas slot apertures 52 and 53). The 
sealing portion 180 has a thicker cross section than that of the planar portion 
182. The planar portion 182 that forms a concave surface below the sealing 
portion 180 is designed to allow the communication of the oxidizing gas slot 
apertures 52 and 53 on the respective one faces of the separators 130 in the 
assembly of fuel cells including the separators 130 (see Fig. 8). In this 
assembly of fuel cells, the ends of the ribs 155 are in contact with an 
adjoining gas diffusion electrode, and the oxidizing gas flow conduits 25P are 
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defined by the side faces of the ribs 155, the surface of the planar portion 182, 
and the adjoining gas diffusion electrode. In a similar manner, the planar 
portion 182 is designed to allow the communication of the gaseous fuel slot 
apertures 50 and 51 on the respective other faces of the separators 130 in the 
5 assembly of fuel cells. The gaseous fuel flow conduits 24P are defined by 
the side faces of the ribs 155, the surface of the planar portion 182, and 
another adjoining gas diffusion electrode in the assembly of fuel cells. 

The following describes the manufacturing method of the separator 
130. Fig. 9 shows a manufacturing process of the separator 130. Fig. 9 
10 includes a flowchart showing the manufacturing process of the separator 130 
and schematic views representing the respective steps of the flowchart. 

The process first provides a thin plate of stainless steel and 
perforates the thin plate at a plurality of preset positions to form a plurality 
of apertures, thus obtaining the base plate unit 160 (step S200). The 
15 apertures formed in the stainless steel plate include the apertures formed at 
the positions corresponding to the respective ribs 155 of the separator 130 
shown in Fig. 8 as well as the gaseous fuel slot apertures 50 and 51 and the 
oxidizing gas slot apertures 52 and 53. Among the apertures formed at step 
S200, each of the apertures formed at the positions corresponding to the 
20 respective ribs 155 has a diameter that is a little smaller than the diameter 
of the cross section of each rib 155. The process subsequently press fits a 
metal wire in each of the apertures formed at the positions corresponding to 
the respective ribs 155 by means of a feeder (step S210). Each of the wires 
press fitted here forms the rib 155 of the separator 130 and has a diameter a 
25 little greater than the diameter of each corresponding aperture formed at 
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step S200. Using the wires having such a diameter ensures the sufficient 
sealing property between the metal base plate unit 160 and the wires being 
press fitted. 

The process then cuts off the ends of the wires press fitted in the base 

5 plate unit 160 (step S220). The cutting positions of the respective wires 
(that is, the distances from the base plate unit 160) are fixed on each face of 
the base plate unit 160. Cutting the ends of the wires completes the insert 
members 170 press fitted in the respective apertures formed in the base 
plate unit 160, so that the plurahty of ribs 155 are formed at the identical 
10 positions on both the faces of the base plate unit 160. After formation of the 
ribs 155, the process carries out the surface treatment in the same manner 
as step S120 in Fig. 5 for the base plate unit 160 and the plurality of ribs 155 
(step S230), so as to complete the separator 130. The surface treatment of 
this step covers the surface of the base plate unit 160 and the plurality of 

15 ribs 155 with the thermally expanding graphite hke the separator 30 of the 
first embodiment. 

The manufacturing method of the separator 130 of the second 
embodiment makes the planar base plate unit 160 and the wires forming the 
ribs 155 as separate members. This arrangement effectively prevents the 

20 potential distortion of the separator having the rugged shapes. 
Construction of the ribs 155 as separate members causes no force of bending 
or stretching the metal plate, which leads to the potential distortion, to be 
applied to the base plate unit 60. 

In the separator 130 of this embodiment, the predetermined rugged 

25 shapes are formed by the simple processes, that is, forming the apertures to 
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define the ribs 155, press fitting wires into the apertures, and cutting off the 
wires press fitted. Compared with the conventional method that press 
molds the metal plate or the carbon material to manufacture the separator, 
this arrangement simplifies the manufacturing process and shortens the 
5 time required for manufacturing the separator. 

The size of the ribs 155 formed on the surfaces of the separator 130 is 
freely selected by adjusting the diameter of the wires press fitted in the 
process of manufacturing the separator 130 of the embodiment. The wires 
of the thinner diameter give finer ribs with a higher accuracy. Compared 

10 with the arrangement of press molding the carbon material or the metal 
plate to form the rugged shapes, this arrangement enables the finer rugged 
shapes to be formed by a significantly easy process. This arrangement also 
prevents an increase in manufacturing cost due to the use of a mold having a 
complicated rugged structure. 

15 The manufacturing process of the separator 130 of the embodiment 

uses a thinner metal plate, compared with the conventionally known method 
that press molds a metal plate to manufacture a gas separator having the 
rugged structure on both faces thereof. In the method of press molding a 
metal plate to manufacture the gas separator having predetermined rugged 

20 shapes, specific areas of the metal plate corresponding to the rugged shapes 
are bent or stretched in the course of press molding. The metal plate is 
accordingly required to have a sufficient thickness. In the method of this 
embodiment, on the other hand, since the metal plate is simply perforated to 
form the apertures in which the insert members 170 are press fitted, the 

25 thinner metal plate than the metal plate used for the conventional press 
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molding is applicable for the base plate unit 160. The manufacturing 
method of the separator 130 of the embodiment does not require the material 
to be bent or stretched in the course of press molding, and thus gives a 
thinner resulting separator, compared with the method of press molding the 
5 material mainly composed of carbon powder to manufacture the separator. 
Using the thin metal plate to manufacture the separator effectively reduces 
the size of the whole fuel cells stack. 

In the second embodiment discussed above, the base plate unit 160 is 
composed of stainless steel. The effect of preventing the potential distortion 

10 of the resulting separator is also attained by the base plate unit 160 
composed of another material, for example, any of other metals like 
aluminum, carbon materials, and resins. In the embodiment, the surface of 
the separator 130 is covered with the coat layer 168. The material applied 
for the base plate unit 160 is thus not required to have sufficient corrosion 

15 resistance but is required to have sufficient strength and to be sufficiently 
durable at driving temperatures of the fuel cells. In the case where the 
material applied for the base plate unit 160 has sufficient corrosion 
resistance, the coat layer 168 may not be formed on the surface of the base 
plate unit 160. 

20 The separator 130 of the embodiment includes the base plate unit 

160 and the ribs 155 as separate members. The electrical conductivity of 
the separator is assured by the ribs 155, so that the base plate unit 160 is not 
required to have the electrical conductivity. Compared with the 
arrangement of integrally press molding the separator, this arrangement 

25 extends the range of selection of the material applicable for the base plate 
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unit 160. Namely the .material having the better corrosion resistance and 
the material having the less weight are also applicable. The appropriate 
material is selected by taking into account the cost and the other factors. 

In the embodiment discussed above, the wires are used to form the 
ribs 155. The wires have sufficient electrical conductivity and sufficient 
strength against the action of being press fitted in the base plate unit 160 or 
under the conditions in the assembly of fuel cells. In the manufacturing 
method of the separator 130 described above, the wires are press fitted into 
the apertures formed in the base plate unit 160 to define the ribs 155. The 
wires are preferable material to ensure the sufficient sealing property 
between the base plate unit 160 and the wires press fitted therein. As 
discussed in the above embodiment, the metal wires and the metal base plate 
unit 160 readily attain the required sealing property by the simple process of 
press fitting the wires having a little greater diameter into the apertures 
formed in the base plate unit 160. One modified procedure to attain the 
required sealing inserts the metal wires having a little smaller diameter 
than that of the apertures formed in the base plate unit 160 into the 
apertures, cuts off the wires to a preset length to complete the insert 
members 170, and applies the pressure on both the top and bottom of the 
insert members 170 for caulking. Another modified procedure to ensure the 
sufficient sealing property between the ribs 155 and the base plate unit 160 
press fits the wires to form the ribs 155 and seals the clearances at the 
contacts of the ribs 155 with the base plate unit 160. In the last case, the 
wires for forming the ribs 155 may be composed of another electrically 
conductive material, such as carbon material. 
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As understood from the above description, the separator may include 
the base plate unit composed of a resin and the insert members composed of 
the carbon material. In this case, the base plate unit with the apertures in 
which the insert members are inserted may be manufactured by punching 
5 the apertures in a resin sheet or by injection molding. The action of 
punching the apertures in the resin sheet is easier than the action of 
perforating the metal plate to form the apertures as discussed in the 
embodiment. When the technique of injection molding is applied to 
manufacture the base plate unit, a structure corresponding to the sealing 
10 portion 180, which will be discussed later, is formed simultaneously with the 
apertures in which the insert members are inserted. This arrangement 
enables the sealing portion to be formed integrally to ensure the sufficient 
gas sealing property in the fuel cells. Compared with the conventional 
method of manufacturing the separator by press molding, this arrangement 
15 advantageously reduces the number of parts required for the assembly of 
fuel cells and thereby decreases the manufacturing cost (it is extremely 
difficult to integrally form the sealing portion by press molding as discussed 
later). Here the insert members may be composed of any suitable carbon 
material, for example, the thermally expanding graphite or a mixture of 
20 graphite powder with a binder (for example, a thermosetting resin). In the 
separator including the base plate unit composed of a resin and the insert 
members composed of the carbon material, both the base plate unit and the 
insert members have sufficient corrosion resistance, so that there is no 
necessity of forming the coat layer 168 unhke the separator 130 of the second 
25 embodiment. 
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The insert members may be composed of a resin instead of the 
electrically conductive material. In one applicable structure, the base plate 
unit is composed of a metal like the separator 130 of the second embodiment, 
and the insert members are composed of a resin. In this case, the whole 
surface of the separator or the surface of the insert members is covered with 
an electrically conductive film (for example, coated with a carbon material or 
plated with a metal). This ensures the sufficient electrical conductivity 
required for the separator for fuel cells. 

The separator 130 has the coat layer 168 composed of the thermally 
expanding graphite to attain the sufficient corrosion resistance. Like the 
coat layer 68 in the separator 30 of the first embodiment, this coat layer 168 
may be composed of any suitable material other than the carbon material, for 
example, a metal like nickel or an electrically conductive paste. The 
electrical conductivity is not required in the specific areas other than the 
contact faces with each adjoining gas diffusion electrode in the fuel cells 
stack. These specific areas may thus be coated with a hydrophilic material 
or a water repellent material in the same manner as the first embodiment. 
This gives the sufficient corrosion resistance and enhances the water 
drainage. In the case where the materials applied for the base plate unit 
160 and the insert members 170 have sufficient corrosion resistance in an 
allowable level, the coat layer 168 may be omitted. 

The method of the second embodiment perforates the metal plate to 
form the apertures and does not form the rugged shapes by press molding. 
This arrangement advantageously keeps the thickness of the base plate unit 
160 unchanged in the course of manufacturing the base plate unit 160. 
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This arrangement enables the metal plate including the circumferential area 
of the thicker cross section (that is, the area corresponding to the sealing 
portion 180) to be applied for the base plate unit 160. In the stack of fuel 
cells including the separators 130 manufactured in the above manner, the 
5 areas of the thicker cross section readily ensure the required gas sealing 
property. 

Fig. 10 shows part of the cross section of the separator 130 (the 
vicinity of the circumferential part of the separator 130) taken on the line 
10-10 in Fig. 8. As described previously, the base plate unit 160 of the 

10 separator 130 includes the planar portion 182 that has the ribs 155 formed 
by the insert members 170 therein and the sealing portion 180 that is 
arranged in the circumferential part of the separator 130 and has a thicker 
cross section. Although not specifically mentioned in the manufacturing 
method of the separator 130, the metal plate having the seal portion 180 on 

15 the circumferential area thereof is provided in the manufacturing process 
shown in Fig. 9. In the assembly of fuel cells using the separators 130, each 
having the sealing portion 180 on the circumferential area thereof, each 
adjoining pair of separators 130 is in contact with each other via the 
respective sealing portions 180, which readily attains the sufficient gas 

20 sealing property. 

In the case where the gas separator is manufactured by press 
molding a metal plate, the thickness of the metal plate is varied in the course 
of press molding. It is thus substantially impossible to use a metal plate 
that has a thicker-wall portion of a predetermined thickness corresponding 

25 to the sealing portion in the circumferential area thereof. The conventional 
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method generally adopted provides a separate sealing member that is 
attached to the circumferential area of the gas separator, or makes the 
member having the rugged shape to define the gas flow path in each unit cell 
and the member defining apertures for manifolds as separate members. In 
the method of the above embodiment, the separator 130 is manufactured by 
using the metal plate having the seahng portion 180 formed in advance. 
Compared with the conventional technique of press molding, this 
arrangement effectively reduces the number of parts required for the 
assembly of fuel cells. 

The present invention is not restricted to the above embodiments or 
their modifications, but there may be many other modifications, changes, 
and alterations without departing from the scope or spirit of the main 
characteristics of the present invention. 

Industrial Applicability 

As discussed above, the technique of the present invention applied to 
the gas separator for fuel cells, the fuel cells using such gas separators, and 
the method of manufacturing such a gas separator for fuel cells is effectively 
usable in the fields of manufacture and sales of fuel cells as well as in the 
fields of manufacture and sales of electric vehicles with the fuel cells 
mounted thereon. 



44 



09/719 



WHAT IS CLAIMED IS: 

1. (Amended) A gas separator for fuel cells, said fuel cells being 
constructed as a laminate of plural members including an electrolyte layer 

5 and electrode layers, said gas separator being included in said fuel cells as 
one of said plural members and having predetermined rugged shapes that 
are formed in both faces to define a flow path of a fluid passing through 
inside said fuel cells, 

wherein two thin plates with the predetermined rugged shapes 
10 formed in respective one faces thereof are bonded to each other across the 
respective other faces thereof to form said gas separator, 

said gas separator comprising a member that is located in a space 
defined by the predetermined rugged shapes between said two thin plates to 
be in contact with said two thin plates. 

15 

2. (Amended) A gas separator for fuel cells in accordance with claim 1, 
wherein said member is mainly composed of an electrically conductive 
material. 

20 3. (Amended) A gas separator for fuel cells in accordance with claim 1, 

wherein said member is mainly composed of a thermally conductive 
material. 

4. (Amended) A gas separator for fuel cells in accordance with any 
25 one of claims 1 through 3, wherein each of said thin plates is a metal thin 
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plate. 

5. (Amended) A gas separator for fuel cells in accordance with any 
one of claims 1 through 3, wherein the fluid passing through the flow path 

5 defined by the predetermined rugged shapes in said fuel cells is selected 
among a hydrogen-containing gaseous fuel, an oxygen-containing oxidizing 
gas, and a cooling fluid for cooling down the inside of said fuel cells. 

6. (Amended) A gas separator for fuel cells in accordance with claim 4, 
10 wherein said thin plates are mainly composed of either one of stainless steel 

and aluminum. 

7. A fuel cells stack receiving supplies of a hydrogen-containing 
gaseous fuel and an oxygen- containing oxidizing gas and generating an 

15 electromotive force through electrochemical reactions, 

said fuel cells stack comprising gas separators for fuel cells in 
accordance with any one of claims 1 through 6. 

8. (Amended) A method of manufacturing a gas separator for fuel 
20 cells, said fuel cells being constructed as a laminate of plural members 

including an electrolyte layer and electrode layers, said gas separator being 
included in said fuel cells as one of said plural members and having 
predetermined rugged shapes that are formed in both faces to define a flow 
path of a fluid passing through inside said fuel cells, 
25 said method comprising the steps of 
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(a) providing two thin plates that have the predetermined rugged 
shapes formed in respective one faces thereof and 

(b) bonding said two thin plates to each other across the respective 
other faces thereof to form said gas separator, 

5 wherein said step (b) comprises the step of: 

(b-l) locating a predetermined member in a space defined by the 
predetermined rugged shapes between said two thin plates to be in contact 
with said two thin plates in the course of bonding said two thin plates to each 
other. 

10 

9. (Amended) A method in accordance with claim 8, wherein said 
predetermined member located between said two thin plates in said step 
(b-l) is an electrically conductive material. 

15 10. (Amended) A method of manufacturing a gas separator for fuel 

cells, said fuel cells being constructed as a laminate of plural members 
including an electrolyte layer and electrode layers, said gas separator being 
included in said fuel cells as one of said plural members and having 
predetermined rugged shapes that are formed in both faces to define a flow 

20 path of a fluid passing through inside said fuel cells, 
said method comprising the steps of 

(a) providing two thin plates; 

(b) laying said two thin plates one upon the other via a material that 
forms a predetermined member and is interposed between said two thin 

25 plates; and 
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(c) press molding said two thin plates laid one upon the other in said 
step (b), so as to form the predetermined rugged shapes in surfaces of said 
two thin plates simultaneously with bonding said two thin plates to each 
other, 

5 wherein said step (c) comprises the step of- 

(c-l) forming said predetermined member in a space defined by the 
predetermined rugged shapes between said two thin plates to be in contact 
with said two thin plates. 

10 11. A method in accordance with any one of claims 8 through 10, 

wherein each of said thin plates is a metal thin plate. 

12. (Amended) A gas separator for fuel cells, said fuel cells being 
constructed as a laminate of plural members including an electrolyte layer 

15 and electrode layers, said gas separator being included in said fuel cells as 
one of said plural members and having a predetermined rugged shape that is 
formed in surface thereof to define a flow path of a fluid passing through 
inside said fuel cells, 

said gas separator comprising^ 

20 a separator base plate unit that is composed of a thin plate and has a 

plurality of apertures passing through a thickness of said separator base 
plate unit; 

insert members that are mainly composed of an electrically 
conductive material and are respectively inserted into said plurality of 
25 apertures to form a convex structure on at least one face of said separator 
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base plate unit; and 

a coat layer that is mainly composed of an electrically conductive 
material and covers over at least surface of said separator base plate unit 
and said insert members inserted into said separator base plate unit, which 
5 is in contact with an adjacent member adjoining to said gas separator in said 
fuel cells. 

13. A fuel cells stack receiving supplies of a hydrogen-containing 
gaseous fuel and an oxygen-containing oxidizing gas and generating an 

10 electromotive force through electrochemical reactions, 

said fuel cells stack comprising gas separators for fuel cells in 
accordance with claim 12. 

14. (Amended) A method of manufacturing a gas separator for fuel 
15 cells, said fuel cells being constructed as a laminate of plural members 

including an electrolyte layer and electrode layers, said gas separator being 
included in said fuel cells as one of said plural members and having a 
predetermined rugged shape that is formed in surface thereof to define a 
flow path of a fluid passing through inside said fuel cells, 
20 said method comprising the steps of: 

(a) providing a separator base plate unit composed of a thin plate; 

(b) perforating said separator base plate unit at predetermined 
positions to form a plurality of apertures passing through a thickness of said 
separator base plate unit; 

25 (c) inserting insert members, which are mainly composed of an 
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electrically conductive material, respectively into said plurality of apertures, 
so as to form the predetermined rugged shape in surface of said separator 
base plate unit; and 

(d) forming a coat layer that is mainly composed of an electrically 
5 conductive material and covers over at least surface of said separator base 
plate unit and said insert members inserted into said separator base plate 
unit, which is in contact with an adjacent member adjoining to said gas 
separator in said fuel cells. 

10 15. A method in accordance with claim 14, wherein each of said 

plurality of apertures and said insert members inserted therein have 
substantially circular cross sections. 

16. (Added) A method in accordance with claim 8, wherein said 
15 predetermined member located between said two thin plates in said step 

(b-l) is a thermally conductive material. 

17. (Added) A method in accordance with claim 10, wherein the 
material that forms said predetermined member is an electrically conductive 

20 material. 

18. (Added) A method in accordance with claim 10, wherein the 
material that forms said predetermined member is a thermally conductive 
material. 

25 
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19. (Added) A method in accordance with any one of claims 16 
through 18, wherein each of said thin plates is a metal thin plate. 



20. (Added) A method in accordance with any one of claims 11 
5 through 18, wherein said thin plates are mainly composed of either one of 

stainless steel and aluminum. 

21. (Added) A gas separator for fuel cells, said fuel cells being 
constructed as a laminate of plural members including an electrolyte layer 

10 and electrode layers, said gas separator being included in said fuel cells as 
one of said plural members and having a predetermined rugged shape that is 
formed in surface thereof to define a flow path of a fluid passing through 
inside said fuel cells, 

said gas separator comprising: 

15 a separator base plate unit that is composed of a thin plate and has a 

plurality of apertures passing through a thickness of said separator base 
plate unit; 

insert members that are mainly composed of an electrically 
conductive material and are respectively inserted into said plurality of 
20 apertures to form a convex structure on at least one face of said separator 
base plate unit; and 

a coat layer that covers over at least surface of said separator base 
plate unit and said insert members inserted into said separator base plate 
unit, which forms the flow path of the fluid in said fuel cells. 

25 
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22. (Added) A fuel cells stack receiving supplies of a 
hydrogen-containing gaseous fuel and an oxygen-containing oxidizing gas 
and generating an electromotive force through electrochemical reactions, 

said fuel cells stack comprising gas separators for fuel cells in 
5 accordance with claim 21. 

23. (Added) A method of manufacturing a gas separator for fuel cells, 
said fuel cells being constructed as a laminate of plural members including 
an electrolyte layer and electrode layers, said gas separator being included in 

10 said fuel cells as one of said plural members and having a predetermined 
rugged shape that is formed in surface thereof to define a flow path of a fluid 
passing through inside said fuel cells, 

said method comprising the steps of 

(a) providing a separator base plate unit composed of a thin plate; 
15 (b) perforating said separator base plate unit at predetermined 

positions to form a plurality of apertures passing through a thickness of said 
separator base plate unit; 

(c) inserting insert members, which are mainly composed of an 
electrically conductive material, respectively into said plurality of apertures, 

20 so as to form the predetermined rugged shape in surface of said separator 
base plate unit; and 

(d) forming a coat layer that covers over at least surface of said 
separator base plate unit and said insert members inserted into said 
separator base plate unit, which forms the flow path of the fluid in said fuel 

25 cells. 
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ABSTRACT OF THE DISCLOSURE 
The present invention is directed to a gas separator for fuel cells 
obtained as a laminate of unit cells, wherein the gas separator is one 
constituent of each unit cell, fuel cells using such gas separators, and a 
method of manufacturing such a gas separator. The gas separator is 
obtained by press molding a metal plate. The process of forming 
predetermined rugged shapes in both faces of the gas separator by press 
molding causes the gas separator to be distorted. The distortion of the gas 
separator results in a variety of problems. 

A gas separator (30) of the present invention has a base plate unit 
(60) that is obtained by bonding two base plates (62) and (64) molded to have 
predetermined rugged shapes to each other, filler units (66) that are formed 
in spaces defined by the two base plates (62) and (64) corresponding to the 
predetermined rugged shapes of the base plates (62) and (64), and a coat 
layer(68) that is formed on surface of the base plate unit (60). In the 
separator (30) of this configuration, distortions occurring in the base plates 
(62) and (64) molded to have the predetermined rugged shapes are mutually 
corrected by joining the two base plates (62) and (64) with each other. This 
arrangement thus effectively prevents a distortion from occurring in the 
separator (30). An electrically conductive material is interposed between 
the pair of base plates (62) and (64) to form the filler units (66). This 
enhances the electrical conductivity and the thermal conductivity of the 
separator (30). 
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below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 
claimed. 

Priority Not Claimed 

18/ June/1 998 



(Country) 

(a«) 



(Day/Month/Year Filed) 

(tBl®¥^ B) 



□ 
□ 



(Number) 

(»^) 



fAtt. IBS 5 



(Country) 

(S«) 

5 ( e ) 31 V i TTf E © * B 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) 

(tbiii#^) 



(Filing Date) 

(tiifIB) 



mms 6 5mic)izm'j<mM^:i^iz^mL^^. *i±i 
mm&ii^mxm.j^^rircijmx^ff'r^^mmmiiimjzmTs^^ 

fc. mnmmmmm a ? s i ^ 5 e JiT/EssnTt^if 
Mizm-r^mmt^miiz'D^^xf^^mmij^&^^t^mmLTi,^ 



(Application No.) 

(mw^) 



(Filing Date) 

(ffiSB) 



(Application No.) (Filing Date) 

(tBW^) (m^B) 

%mx$> D > ^■^-z>fk*^X^LrzmWit%,'Di3U^ t ^5 

tmRzf^ntm^(DnM^^mmmmi smmi 0 0 1 
^z:t, -^vx^(D^ommiz^^mi&(Dpm^hf^^^t. m 

L> ii-DXZ.Z.\Z±M(DZ:t<'Sm^^\y'^-f. 



(Application No.) 



(Filing Date) 

(tbgB) 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 20 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 1 1 2, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application; 

(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Patent and Trademark Office, U S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to collection of information unless it displays a valid 0MB control number. 



Japanese Language Declaration 



mmt: TfH©^0J#tbT, :^mm\zm-t^~WO^ power of attorney; Asa named inventor, l hereby appoint the 

Mt-2:*#WiSgi^t-*l"bTMfTT§?t=S±SfeHf^aAi:L- follov/ing attorney(s) and/or agent(s) to prosecute this application 
T, TIHCD^S^g^VifcLS-rc (*ft±- ^fcttftaAWa^ and transact all business in the Patent and Trademark Office 
S.tl^S&#^?rBJBHO Jl t) connected therewith, (fist name and registration number) 

Edward W. Greason (Reg. No. 18,918) 
Patrick J. Fay (Reg. No. 35,50 8) 




Send Correspondence to: 
Edward W. Greason 
KENYON & KENYON 
One Broadway 
New York, New York 1 0004 



Direct Telephone Calls to: (name and telephone number) 
Edward W. Greason 
(212) 425-7200 



Full name of sole or first inventor 
Joji Yoshimura 



Inventor's signature 
F^sidence \ 



Date 

Novsnber 17, 2000 



<6sicrence _^ 
Toyota-shi,\\ichi-ken, Japan J) f XI 



Citizenship 
Japan 



Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 



^ x^s^ Full name of second joint inventor, if any 
' ^ Seiji Mizuno 



Second inventor's signature 



Date 

November 17, 2000 



_Toyota-shi,y\ichi-ken, Japan 



Citizenship 
Japan 



Post Office Address 

c/o TOYOTA JIDOSHA KABUSHIKI KAISHA, 1 , Toyota-cho, 
Toyota-shi, Aichi-ken, 471-8571 Japan 



(m^Ki^O^mmmiZ-D^-^X^mmizmmV. Z. ^^^PP'^ ^'"^''^^ information and signature for third and subsequent 

L.\ joint inventors.) 
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